Saline soils are highly heterogeneous in time and space, and this is a critical factor influencing plant physiology and productivity. Temporal changes in soil salinity can alter plant responses to salinity, and pre-treating plants with low NaCl concentrations has been found to substantially increase salt tolerance in different species in a process called acclimation. However, it still remains unclear whether this process is common to all plants or is only expressed in certain genotypes. We addressed this question by assessing the physiological changes to 100 mM NaCl in two contrasting olive cultivars (the salt-sensitive Leccino and the salttolerant Frantoio), following a 1-month acclimation period with 5 or 25 mM NaCl. The acclimation improved salt tolerance in both cultivars, but activated substantially different physiological adjustments in the tolerant and the sensitive cultivars. In the tolerant Frantoio the acclimation with 5 mM NaCl was more effective in increasing plant salt tolerance, with a 47% increase in total plant dry mass compared with non-acclimated saline plants. This enhanced biomass accumulation was associated with a 50% increase in K + retention ability in roots. On the other hand, in the sensitive Leccino, although the acclimation process did not improve performance in terms of plant growth, pre-treatment with 5 and 25 mM NaCl substantially decreased salt-induced leaf cell ultrastructural changes, with leaf cell relatively similar to those of control plants. Taken together these results suggest that in the tolerant cultivar the acclimation took place primarily in the root tissues, while in the sensitive they occurred mainly at the shoot level.
Introduction
Currently agriculture is faced with a double challenge (Foley et al. 2011) . Global food production must increase to meet the requirements of the growing world population while crop yield per unit of land has reached a plateau, cultivable lands have levelled off and fresh water supplies are in decline (Van Kernebeek et al. 2016) . Interest in the use of brackish waters and marginal lands has therefore escalated over the years and these saline 'resources' are now considered as an opportunity that deserves further attention (Shabala 2013) . In this context, the scientific world has focused on increasing the salt tolerance of crop species for decades, but success remains elusive; this is partly due to the fact that salinity tolerance is a multi-gene trait but it is also associated with failure to recognize the extent and importance of temporal and spatial heterogeneity of soil salinity in shaping plant responses to salt stress (Richards 1983 , Genc et al. 2007 , James et al. 2008 , Rajendran et al. 2009 , Tavakkoli et al. 2011 , Bazihizina et al. 2012 .
Soils are highly heterogeneous, and in saline environments this temporal and spatial heterogeneity has been recognized by many, ranging from ecologists to agronomists, as a critical factor influencing plant growth, productivity and reproductive success (Reynolds and Haubensak 2009) . For instance, in Mediterranean environments, variations in soil salinity are largely affected by changes in soil moisture, mostly in the superficial soil layers, characterized by strong seasonal dynamics that are exacerbated by the combination of rainfall, and the alternation of wet and dry periods (Mensforth and Walker 1996, Álvarez-Rogel et al. 1997) . Despite the recognition that temporal variability exists in saline soils, most of the work on salt tolerance has used constant salinity with the implicit assumption that differences in salt tolerance expressed in these systems will correspond to performance in the field (Cayuela et al. 1996 , Umezawa et al. 2000 . Clearly this assumption is not always correct, as these experimental conditions generally do not mirror actual conditions in the field.
Temporal changes in soil salinity shape plant responses to salinity, and there are now numerous examples which show that pre-treating plants with low NaCl concentrations can substantially boost the plants' ability to tolerate high salinities (Amzallag et al. 1990 , Umezawa et al. 2004 , Djanaguiraman et al. 2006 , Pandolfi et al. 2012b . Many glycophyte species can improve their physiological ability to adapt to various environmental changes through a process generally known as acclimation, i.e., an acquired tolerance that emerges when the stress is sub-lethal as a result of the induction of physiological, biochemical and molecular adjustments within specific plant tissues and cells (Amzallag et al. 1993 , Umezawa et al. 2000 , Xie et al. 2011 , Pandolfi et al. 2012b , Bazihizina et al. 2014 . For instance, in pea seedlings treated with 80 mM NaCl for 14 days, pre-treating the plants with 10 mM NaCl for 7 days enhanced salt tolerance, and biomass accumulation in acclimated plants was equal to that of control plants, while in non-acclimated plants salt stress led to 50% decline in plant dry mass (Pandolfi et al. 2012b) .
Despite the growing evidence that acclimation can improve plant response to salinity, it still remains unclear whether this process is common to all plants or only expressed in certain genotypes but not others (e.g., Lernera 1994, Cayuela et al. 2001) . Therefore, would acclimation be an important process only in tolerant genotypes or would the opposite be true? It has been hypothesized that the lack of positive response in some genotypes to the pre-treatment with sub-lethal NaCl concentrations could be related to the interplay between the NaCl concentrations used and the specific salt tolerance of the genotype considered (Cayuela et al. 2001) . In this paper we have addressed this question with two different olive cultivars; Leccino as the salt-sensitive cultivar and Frantoio as the salt-tolerant (Tattini 1994) . These two cultivars differ in their capacity to exclude Na + or Cl -ions from the shoot under salt stress (Tattini et al. 1992 , Tattini, 1994 , and compared with the salt-sensitive cultivar Leccino, Frantoio has a reduced Na + root-shoot translocation and a higher K + -Na + selectivity at the whole-plant level (Tattini 1994) . As the NaCl concentration used during the pretreatment period could determine whether the specific physiological responses required for the acclimation process are induced or not in the two contrasting cultivars, two different salinity concentrations, 5 and 25 mM NaCl, were used. Our results clearly indicate that the acclimation process occurred in both cultivars, but activated substantially different physiological adjustments in the tolerant and in the sensitive one depending on the NaCl concentrations used. While in the tolerant Frantoio the positive effects of the acclimation process were seen with 5 mM NaCl and took place primary in the root tissues, in the sensitive Leccino cultivar substantial difference between acclimated and non-acclimated plants were seen at the shoot level.
Materials and methods

Pant material and growth conditions
One-year-old rooted cuttings of Leccino (salt-sensitive cultivar) and Frantoio (salt-tolerant cultivar) were grown hydroponically in 250 ml pots containing perlite placed on benches flooded four times a day with half-strength Hoagland solution. Plants were grown under ambient light in a temperature-controlled glasshouse (T 25°C/17°C day/night, relative humidity max 60%) at the University of Florence (Italy) (lat. 43°48′58.6″ N, long. 11°1 1′58.1″ E). Cuttings were grown under control conditions for 2 weeks and were then divided into four groups (20 plants for each treatment). Two groups were acclimated in half-strength Hoagland, containing either 5 or 25 mM NaCl for 1 month, and then subsequently exposed to 100 mM NaCl for 2 months. Nonacclimated control plants were kept in the control solution for the entire experimental period, while the non-acclimated saline plants were grown in half-strength Hoagland for 1 month and then exposed to 100 mM NaCl for 2 months (Figure 1 ).
Whole-plant physiological assessment
Six plants for each treatment were harvested before the start of acclimation (Day 0), at the end of acclimation (Day 30) and after 60 days of treatment (Day 90). Plants from each treatment were separated into leaves, stems and roots, and their fresh masses recorded. Roots were washed in a CaSO 4 solution for 2 min and then all plant tissues were oven dried at 60°C to determine their dry masses. 
Ion flux measurements
Net K + fluxes were measured using the vibrating probe technique. All details of microelectrode fabrication, calibration and flux determination are described elsewhere (Shabala et al. 1997 , Newman 2001 , Mugnai et al. 2006 , Pandolfi et al. 2012a . Briefly, for the measurements, plants were gently removed from the pot and 5 cm of newly developed roots were excised and washed with a basal saline medium (BSM -0.5 mM KCl, 0.1 mM CaCl 2 ). Roots were then placed in 10 ml glass measuring chambers, immobilized and pre-incubated in the BSM solution for 1 h. Net fluxes of K + were measured for ∼ 10 min and then NaCl was added, resulting in a final concentration of 100 mM NaCl in the bath solution. Ion fluxes were then recorded for another 20 min of recording. Measurements were always performed in the mature zone (∼20 mm from the root apex).
Transmission electron microscopy
In each treatment, the latest fully expanded leaves were harvested, and samples fixed in 2.5% glutaraldehyde, in 0.2 M phosphate buffer (pH 7.2) for one night, washed twice with the same buffer prior to post-fixing with 2% osmium tetroxide in phosphate buffer (pH 7.2). The specimens were dehydrated in a graded ethanol series (30%, 40%, 50%, 60%, 70%, 80%, 95% and 100%), and finally the ethanol was replaced by propylene oxide. Samples were gradually embedded in Spurr resin (Spurr 1969 ) and polymerized at 70°C for 24 h. Ultrathin sections (70-90 nm in thickness) were obtained on a LKB IV ultramicrotome, collected on Formvar-coated copper grids, stained with uranyl acetate and lead citrate and examined using a Philips CM12 transmission electron microscope (Philips, Eindoven, The Netherlands) operating at 80 kV.
Statistical analysis
Statistical analysis of data was processed using analysis of variance (one-way ANOVA) and differences between columns were assessed using Tukey's Multiple Comparison Test with the software Graph-Pad Prism (Ver. 6.0c for MAC OS X). Differences between treatments were considered significant if P < 0.05.
Results
Salt acclimation enhances growth under salt stress in both genotypes, independently of their salt tolerance
Salt acclimation induced a set of physiological responses that ultimately improved the responses to salinity stress. In particular, it emerged that the NaCl concentration during this initial exposure to NaCl had an impact on plant response to salt stress, resulting in contrasting dry mass accumulation patterns during the 2-month treatment period. In non-acclimated plants, in both cultivars, 100 mM NaCl was highly damaging, and over the 2-month treatment period, there was a marked decline in plant growth (Figure 2 ). On the other hand, the two acclimation treatments resulted in contrasting growth patterns in both cultivars. In the tolerant cultivar Frantoio the 5 mM NaCl acclimation period clearly reduced the detrimental effects of the salt treatment, with a 47% increase in total dry mass ( Figure 2 ). On the other hand, such beneficial effects were not seen when plants were acclimated with 25 mM NaCl, despite the fact that no significant growth reductions were seen during the acclimation period. In the sensitive cultivar Leccino, independently of the NaCl concentration, the acclimation period did not improve plant growth, and total dry mass of all plants exposed to 100 mM NaCl declined by 32-44% compare with that of control plants.
Root and stem Na + concentrations were significantly higher (4-to 7-fold increases) in salt-stressed plants compared with concentrations in control plants, with similar patterns in both cultivars (Table 1 ). In the salt-sensitive Leccino the acclimation period generally did not alter ion concentrations in roots and stems compared with non-acclimated saline plants, with the exception of the roots of plants acclimated with 25 mM NaCl (Table 1) . On the other hand, in the tolerant cultivar Frantoio, while the acclimation period did not alter Na + concentrations in roots, it increased stem Na + concentrations by 20-40% compared with non-acclimated saline plants. In both cultivars, both salt stress and the acclimation period increased leaf Na + concentrations, although in the sensitive Leccino Na + concentrations in all salt treatments were always significantly higher compared with those in the tolerant Frantoio (Table 1 ). In the salt-tolerant Frantoio, the salt treatment alone led to a 3.5-fold increase in Na + concentrations in the leaves compared with control plants, while in acclimated plants there was a 6-to 7-fold increase in leaf Na + concentrations. In the sensitive cultivar Leccino, the salt treatment alone led to a 15-fold increase in leaf Na + concentrations compared with control plants and the acclimation period further increased leaf Na + concentrations, which reached a 20-fold increase compared with control plants in plants acclimated with 25 mM NaCl (Table 1) . In both cultivars all saline treatments, independently of the acclimation period, led to a decline in root and stem K + concentrations compared with control plants, with significant differences between cultivars. On the other hand, K + concentrations in leaves were not affected by the NaCl treatments in both cultivars.
Tree Physiology Volume 37, 2017 K + retention is crucial for enhanced tolerance in acclimated plants in the tolerant genotypes
In the present study, 100 mM NaCl induced an instantaneous K + efflux from the epidermal cells in the mature region of the roots of both cultivars (Figure 3) , with a peak value immediately after the treatment and a gradual decline in K + efflux in 20 min following salt addition. Interestingly, while in the sensitive Leccino neither acclimation treatment altered the K + efflux observed following salt exposure ( Figure 3A and C), in the tolerant Frantoio the 5 mM acclimation period substantially reduced the K + efflux both immediately after the salt addition and in 20 min following the stress addition ( Figure 3B and D) . As a result, in the tolerant Frantoio, Table 1 . Ion concentrations in leaves, stems and roots of two olive cultivars with contrasting salt tolerance to the addition of 100 mM NaCl in the root zone. Plants were either exposed to the 100 mM NaCl treatment in a single step up (non-acclimated plants) or, 1 month prior to the treatment, were exposed to 5 or 25 mM NaCl. Different letters indicate significant (P < 0.05) differences between treatments and asterisks indicate significant (P < 0.05) differences between cultivars ns, not significant. Figure 2 . Total dry mass increases in leaves of two olive cultivars with contrasting salt tolerance at the beginning of the experiment (Day 0), at the end of the acclimation period (Day 30) and at the end of the 100 mM NaCl treatment (Day 90). Plants were either exposed to 100 mM NaCl in a single step up (non-acclimated plants) or, 1 month prior to the treatment, were exposed to 5 or 25 mM NaCl. Different letters indicate significant (P < 0.05) differences between treatments; error bars indicate the standard errors.
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Salt acclimation decreased salt-induced leaf cell ultrastructural changes, but mainly in the sensitive genotype
Fully developed leaves were used for a qualitative examination of leaf cell ultrastructure in both salt-tolerant Frantoio and saltsensitive Leccino. In Frantoio, the control cells ( Figure 4A and B) had palisade and spongy parenchyma cells with chloroplasts distributed at the periphery of the cell, with grana and thylakoids with many starch grains. The appearance of cytoplasma, cytoplasmatic organelles and membranes was normal. In nonacclimated plants, the addition of 100 mM NaCl resulted in stress-induced ultrastructural changes, although these did not affect cell functionality ( Figure 4C and D) . In some cells the chloroplasts contained no starch, meanwhile in others they had Figure 3 . Salt-induced transient K + (A, B) fluxes before and after the onset of the salt stress measured from roots of a salt sensitive (Leccino, A) and a salt tolerant (Frantoio, B) genotype. Plants were either exposed to the 100 mM NaCl treatment in a single step up (non-acclimated plants) or were exposed to 5 or 25 mM NaCl 1 month prior to the treatment. In (C) and (D) the peak K + effluxes measured immediately after the salt stress and after 20 min (posttreatment flux) are reported. Different letters indicate significant (P < 0.05) differences between treatments; error bars refer to the standard errors.
Tree Physiology Volume 37, 2017 curling and swelling thylakoids or contained part of the cytoplasm or extensions, protrusion of the body. Furthermore, there were numerous plastoglobules in the chloroplasts, and in cytoplasm there was a conspicuous increase of peroxisomes, dilated endoplasmic reticulum and Golgi bodies. In plants acclimated with 5 mM NaCl, the chloroplasts had a slightly higher number of plastoglobules and little corrugated thylakoids ( Figure 4E and F). In plants acclimated with 25 mM NaCl thylakoids seem to be swelling, plastoglobules more numerous and starch grains less present compared with control plants and saline plants acclimated with 5 mM NaCl ( Figure 4G and H) .
In the sensitive Leccino leaf parenchyma cells of control plants had well preserved cytoplasmic organelles ( Figure 5A and B). The chloroplasts had well organized grana, starch grains and few plastoglobules and peroxisomes. Vacuoles contained few amorphous electron opaque grains, often appressed to the tonoplast. In Leccino, the addition of 100 mM NaCl led to several ultrastructural changes and in some cases affected cell functionality, with cells with damaged chloroplasts and numerous plastoglobules and peroxisomes. Several cells had chloroplasts with swelling and curling thylakoids and cells where there was a disgregation of the chloroplasts and a degradation of the cytoplasm were also observed ( Figure 5C and D) . When plants were pre-treated with 5 mM NaCl, except for corrugated thylakoids and increased number of plastoglobules, leaf cell ultrastructure was similar to that of control plants ( Figure 5E and F) . In plants pre-treated with 25 mM NaCl, although some chloroplasts appeared with extrusions, plastoglobules and corrugated thylakoids, and some peroxisomes were observed, cells were always functional ( Figure 5G and H) . leaf cells of plants grown with NaCl 100 mM with no prior acclimation period; (E, F) plants grown for 1 month with NaCl 5 mM and then exposed to NaCl 100 mM; (G, H) plants grown for 1 month with NaCl 25 mM and then exposed to NaCl 100 mM. ch, chloroplast; cp, chloroplast protrusion; cw, cell wall; n, nucleus; p, peroxisome; pg, plastoglobulus; sg, starch grain; v, vacuole; head black arrow, dilated endoplasmic reticulum; white arrow, corrugated or swelling thylakoids. A, bar = 5 µm; B, C, E, F, G, H, bar = 2 µm; D, bar = 0.5 µm. leaf cells of plants grown with NaCl 100 mM with no prior acclimation period; (E, F) plants grown for 1 month with NaCl 5 mM and then exposed to NaCl 100 mM; (G, H) plants grown for 1 month with NaCl 25 mM and then exposed to NaCl 100 mM. cw, cell wall; ch, chloroplast; p, peroxisome; pg, plastoglobulus; n, nucleus; sg, starch grain; v, vacuole; head black arrow, chloroplast extrusion; white arrow, corrugated or swelling thylakoids. A, E, G, bar = 5 µm; B, C, D, F, H, bar = 2 µm.
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Discussion
Increasing evidence indicates that temporal variability matters in plant response to salinity stress, ranging from seed germination (Noe and Zedler 2001) to performance under salt stress in different species (Amzallag et al. 1990 , Umezawa et al. 2004 , Djanaguiraman et al. 2006 , Pandolfi et al. 2012b . The results in the present study further support the findings that an acclimation period with moderate and sub-lethal amount of salts in the root zone induces a set of modifications in plant tissues that subsequently enable plants to withstand otherwise lethal or very damaging salt concentrations (e.g., Pandolfi et al. 2012b Pandolfi et al. , 2016 . Indeed in this study, in both cultivars, the acclimation period had beneficial effects despite the fact that acclimated plants had higher shoot Na + concentrations at the end of the salt treatment, which increase up to twofold compared with leaves of nonacclimated saline plants. Nevertheless, although the acclimation period was beneficial for both cultivars, there were clear differences in the response to the acclimation process in the two cultivars. In the tolerant Frantoio the acclimation period improved the plant response to 100 mM NaCl at the root level and resulted in increase plant growth. On the other hand, in the sensitive Leccino, despite the fact that the acclimation period did not improve plant growth of salt-stressed plants, there was a significant reduction in salt-induced cellular damages in leaves, suggesting that in this cultivar the acclimation processes occurred mainly at the shoot level. Roots are the first defence for soil-borne stresses such as salinity and their early responses to the stress are key for the successful acclimation of plants to saline environments (Pandolfi et al. 2012b , Cabot et al. 2014 . In particular, cell ability to maintain optimal intracellular K + and a high cytosolic K + /Na + ratio when exposed to salt stress is a key component for plant stress tolerance (Maathuis and Amtmann 1999, Parida and Das 2005) . Evidence suggests cells' ability to retain K + hinges on the maintenance of a large negative voltage difference across the plasma membrane and the loss of this difference, due to membrane depolarization associated with the entry of Na + into the root cells, leads to substantial K + loss through the depolarization-activated outward-rectifying K + channels (Jayakannan et al. 2013) . It could therefore be argued that the acclimation period with 5 mM NaCl induced specific detoxification mechanisms that, following the addition of the salt stress, reduced the accumulation of toxic Na + in the cytosol and improved root membrane functionality (as already seen in plants acclimated to zinc stress; Bazihizina et al. 2014) . Alternatively, as hypothesized for Arabidopsis plants, the enhanced K + retention in acclimated roots may be related to an increased ability of plants to allocate more ATP for membrane potential maintenance ). Ultrastructural observations confirmed that there are clear differences in the salt tolerance between the two cultivars. In the sensitive Leccino, 100 mM NaCl induced severe leaf cellular damage, resulting in collapsed and degenerated leaf cells. On the other hand, in the tolerant Frantoio although there were clear ultrastructural stress symptoms, leaf cells of non-acclimated saline plants always remained functional. As a result, the beneficial effects of the acclimation process were more evident in the sensitive Leccino and pre-treatment with 5 and 25 mM NaCl clearly reduced the stress-induced damage and all cells remained functional. Interestingly, this occurred despite the fact that there were substantial increases (1.4-to 2-fold) in Na concentrations, which suggests that Na + was efficiently sequestered in the vacuoles of acclimated plants. Glycophytes cope with salinity stress by excluding Na + from shoots James 2003, Colmer et al. 2005) and by tolerating high internal Na + levels, i.e., tissue tolerance (Yeo and Flowers, 1983 , Colmer et al. 2005 , Munns et al. 2006 ). High tissue tolerance or the ability of plants to safely handle large amounts of toxic ions in their tissues, with no or limited detrimental effects, can be achieved through efficient sequestration of toxic ions in the vacuole. In support of our above-mentioned hypothesis, acclimation with low salt concentrations has recently been found to increase plants' ability to sequestrate Na + in the vacuoles, therefore increasing their ability to accumulate large amounts of toxic ion without any significant damage (Pandolfi et al. 2016) . Indeed, while in non-acclimated Zea mays plants exposed to 100 mM NaCl most of the leaf Na + was found in the cytosol, in plants acclimated with 25 mM NaCl most of the leaf Na + was confined to the vacuoles. A similar response has been reported for zinc stress where the acclimation period can increase zinc tolerance of tobacco plants through an enhanced tissue tolerance associated with an enhanced vacuolar Zn 2+ sequestration and up to twofold higher expression of the tobacco orthologue of the Arabidopsis thaliana MTP1 gene, directly involved in Zn 2+ compartmentalization in the vacuoles (Bazihizina et al. 2014) . Interestingly, in this study it was observed that the increases in MTP1 transcript level were concentration-and time-dependent; therefore, while 1 week of acclimation induced a significant increase in NtMTP1 transcript levels, 24 h of exposure to 30 μM ZnSO 4 was not sufficient to see significant differences (Bazihizina et al. 2014) . It would therefore be reasonable to speculate that a threshold/minimum acclimation period and concentration, depending on species/genotype-specific pre-existing genetic information, may be required to induce the acclimation process in the different plant tissues.
Conclusions
Soils are highly heterogeneous, and in saline environments this heterogeneity has been recognized as a critical factor that influences plant growth, productivity and reproductive success. Despite the recognition that temporal variability exists and dominates in saline soils, most of the work on salt tolerance has been done using constant salinity over time with the implicit assumption that differences in salinity tolerance expressed in these systems will correspond to performance in the field. Nevertheless, temporal fluctuations in soil salinity have an important role in shaping plant responses to salinity, and in particular pre-treating plants with low NaCl concentrations has been shown to significantly increase salt tolerance in different species. In the present study, although the pre-treatment with low salinity was beneficial for both genotypes, there were clear differences in the response to the acclimation process, likely to be associated with the different genetic makeup of each genotype. As a result the acclimation period either altered the response at the root and/or at shoot level (e.g., in tolerant vs the sensitive genotype in the present study), thus affecting the final plant performance under salt stress in terms of dry mass accumulation over time. The results presented here highlight that this 'technique' would be vital in implementing current experimental protocol developed to test salinity tolerance, which despite providing a high degree of control and reproducibility, do not mimic conditions in the field (Gregory et al. 2009 , Tavakkoli et al. 2011 , Bazihizina et al. 2012 , Pandolfi et al. 2016 . Given that plants in the field rarely experience sudden 'jumps' in soil salinity, the present results further support the argument that a gradual exposure to increasing levels of NaCl or salt shock (plants are exposed suddenly to a high level of salinity) are two distinct phenomena triggered by the application of salt (Shavrukov 2013) . However, it is important to note that the acclimation process and the gradual exposure to salt stress are also likely to generate different results given that the induction of the gene involved in the response to the osmotic and ionic phases of salt stress is time dependent. In this context the acclimation process, which in part mimics the seasonal increment of soil salinity due to periods of high evapotranspiration demands (i.e., summer in Mediterranean regions), could provide key information on how plant respond to a gradual increment of salinity, with the potential to significantly improve the selection of the traits/genotypes to be used in saline environments, depending on the specific objectives.
